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ABSTRACT: In this paper, we analyse the effect of noise in a common-source amplifier working at high frequencies.
Extrinsic noise is analyzed using time domain method employing techniques from stochastic calculus. Stochastic
differential equations are used to obtain autocorrelation functions of the output noise voltage and other solution
statistics like mean and variance. The analysis leads to important design implications for improved noise
characteristics of the common-source amplifier.
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I. INTRODUCTION

The common-source amplifier is the most widely used in analog circuit design. In thispaper, we shall concentrate on
the noise analysis of a common-source amplifier. We analyze the effect of the noise signal on the output voltage. Noise
can enter the circuit via various paths such as the noise from within the amplifier(intrinsic) and the noise signal which
is fed externally(extrinsic).

Circuit noise analysis is traditionally done in frequency domain. The approach is effective in cases where the circuit
is linear and time invariant. In this paper we do analysis of extrinsic noise for the common-source amplifier as shown in
Fig.1.
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Fig.1. Common-Source Amplifier Fig.2. High-Frequency Equivalent Circuit
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For the stochastic model being used in this paper, the external noise is assumed to be a white Gaussian noise process.
Although the assumption of a white Gaussian noise is an idealization, it may be justified because of the existence of
many random input effects. According to the Central Limit Theorem, when the uncertainty is due to additive effects of
many random factors, the probability distribution of such random variables is Gaussian. It may be difficult to isolate
and model each factor that produces uncertainty in the circuit analysis. Therefore, the noise sources are assumed to be
white with a flat power spectral density(PSD).
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In this method, we shall follow a time domain approach based on solving a SDE. The method of SDEs in circuit
noise analysis was used in [3] from a circuit simulation point of view. Their approach is based on linearization of SDEs
about its simulated deterministic trajectory. In this paper we will use a different approach from which analytical
solution to the SDE will be obtained. The analytical solution will take into account the circuit time varying nature and it
will be shown that the noise becomes significant at high input signal frequencies. The main aim of our analysis is to
observe the effect of noise present in the input signal on the output of the common-source amplifier.
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Fig.3. Simplified High-Frequency Equivalent Circuit
I1. ANALYSIS OF NOISE VIA SDEs

Consider a common-source amplifier as shown in Fig.1 whose high-frequency equivalent is shown in Fig.2. Using
Miller’s theorem, we can transfer c,q into input side by cyq(1+gnR,") and into output side by
Co = Cga (L + gmR.)/gmR,’, Which is approximated to c, = c4q. Henceforth, we analyze the circuit using SDEs.

From the circuit in Fig. 3,
vi(t) — Vgs (t) — dvgs (t)

C.
R boodt
wherec; = cy5 + c4q(1 + g R,’). Using some straightforward simplification this can be written as

dvgs(t) v;i(t)
—_— 4 _ =

dt klvgs (t) ciRs (1)

wherek, = L and
ifts

dve(t) | vo(t) _

o ;t + ;L' - _gmvgs(t) (2)

Considering v;(t) = on(t) , where n(t) represents Gaussian noise process and a2 is the magnitude of PSD of input
noise process. Substituting v,(t) = on(t) in (1), we obtain

dvgs(t on(t

SO k() = 2 @
First, we multiply both side of (3) with dt, then take expectation both sides. Since the continuous-time white noise
process is a generalised function, the solution is rewritten by the replacement n(t)dt = dW (t), where W (t) is Wiener
motion process, a continuous, but not differentiable process [4].

E[cdw
dE[v,s(0)] + kyE[v,s(t)]dt = %(4)
Using the fact that E[acdW (t)] = O, (4) results in the following:
dE[vgs(1)]
200+ ky Elvgs ()] = O (5)
The solution of (5) is found out to be
E[v;s(0)] = ce™™rt (6)
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wherec, is a constant whose value depends on the initial circuit conditions. Now, we consider (2) because one of our

main purpose is to find the mean of the output due to input noise signal. Simplifying and taking expectation on both
sides of (2) we get the following equation for the mean of output

dE[v,(8)] + E[Vo(f,)] — —gmE[vgs(t)] (7)
dt CoRL Co
The solution to which is
Elv,(t)]e*?" = ﬁ ekt + ¢y (8)
271
Wherek, = 1/c,R,"andc, = —g,,C1/C,andcsis constant of integration whose value depends on initial

conditions provided. It is evident for initial conditions of, (0) = Oandv,s(0) = Othat mean of output voltage is
zero.

Next we find the autocorrelation function which will lead us to finding the variance. For the pedagogical reasons, the
autocorrelation function is obtained considering initial conditions zero. Rewriting equation (2) and (1)

dvy(t ImVgs(t)
Fol) + ey (£) = — T2 9)
dvgs(t) _vi(®)

ist + klvgs (t) - ziRs (10)

Now consider (9)att = t,with initial conditionsR,, ,, (t;,0) = E[vy(t;)vo(t;)]le,=0 = 0. Multiplying both side
of(9)withv, (t; )& taking expectation, we obtain

dRy, v, (t1.t2) _
%212 + kZRUoJJo (t11 tz) —_ (11)

Again consider (9) att = t;with initial conditionsR,, 'vgs(O, t,) = E[”o(t1)vgs(t2)]|t1=o = 0. Multiplying
both side of (10) withv, (£,)& taking expectation, we obtain

ARy, v g (t1,82)
ZVolVgsr el 4 szvo,vgs(tla t,) =

dtl Co (12)

Next, we consider (10) att = t; with initial conditionsR,, ,,,gs(O, t,) = E[vgs(tl)vgs(tz)]lt1=0 = 0. Multiplying both
side of (10) withv,(t,)& taking expectation, we obtain

ARy s vgs(t1,82) Ry vys(t1,t2)
% + klegs,vgs(tla tz) =L = (13)

Again consider (10) att = t,with initial conditionsR,, ,vgs(tm 0) = E[vi(tl)vgs(tz)]h2=0 = 0. Multiplying both side
of (10)withv; (t;)& taking expectation, we obtain

deiyng(tl,tz) _ Rv-,v-(tlth)
= ke Ry, (81, 85) = o (14)

We need to solve the differential equations (11), (12), (13) and (14) to find out the value ofR,,_,, (t;, t;). Knowing
thatR,,, ,,, (t1, t2) = 0?8 (t; — t;), we find the solution of (14) as
o? _
Rvi,vgs(tl, t,) = .y eki(ti—t2) (15)
Substituting the value of Rvi,vgs(tl, t,) from (15) in (13) and taking the limit of ¢, from 0 to min(t,,t,),
we obtain the solution of (13) as

- —kq(t1—t3) _ ,—Kkq(ty+t3)
Rvgs,vgs(tutz)—m(e 1thi=tz) — g=k1ll1¥l2)) (16)

Substituting the value of Ry, (t4, t,)from (16) in (12) and taking limit oft; from 0 to min(t,, t,), we obtain the
solution of (12) as

_ngvo,vgs(flvfz)

Co

—ImRygsvgs(tta)

CiRs

ta—tg t1 tr—tq tq

b (B8) (atrh) | (2kesEE) | (e

Rvo,vgs(tla tz) = L_Z - (e CoRL') — e CoRL') — e coRL') + ¢ coRL ) (17)
Ry 1o
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2
- g . . .
Wherek, = —ImT We now substitute the value of R t{,t,)from (17) in (11) and obtain the
3 7 2k1(Rsc;)? Vo vgs \t11 L2
autocorrelation function as follows,
trp—tq ty —ti1—-t2
—2kqty+ L kgt , y
gk ta—tg —t1-tp CoRy (e 127 coR _g¢ 12 CoRL ¢ CoRL )
— —Ymn3 R/ _ Ry’ oL _
R‘Uo,vo(tl’tz) - L—_k c ((eco L e CoRL ) 5 =+ e T
Ry 1O 1Y ooRry
_ __ty —t1-ty
<e kitz CORL'_e CoRL’ )
—) (18)
CORL' 1

Fort, = t, = tin (18) we obtain the second moment of output voltage asE [v/2 (t)](which is variance in this case),
1 -2t 1 -2t
<e—2k1t_ze<k1_CORL')t+e(10RL'> <e<_k1_CORL')t_eCORL'>
T ) (19)

1
—'_k
2 (k1 +—CORL ,) CoRp, 1

-2t ,
B[3(9)] = 22 (1 - o) o
R—L,—k1C0 2

IHLSIMULATION RESULTS

For the simulation of results obtained above, we use the following values for the circuit parametersk, = 10kQ,
Rs = 5kQ, 1, = 44kQ, 0 = 0.25, ¢4 = 3pF, c4q = 2.8pF,g,, = 0.0016A/V.

The variation of mean with time is shown in Fig. 4, when initial conditions are nonzero, (v, (0) = 0.01V). If initial
conditions are zero the mean is zero all the time.The variation of variance with time is shown in Fig. 5.From Fig.5 it is
observed that the variance reaches a constant value of approximately 4x10” after 1ps. The maximum value of variance
is approximately 5.1x107.
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Fig.4. Variation of mean with time Fig.5. Variation of variance with time
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1VV.CONCLUSION

Noise in common-source amplifier is analyzed using stochastic differential equation. Extrinsic noise is characterized
by solving a SDE analytically in time domain. The solution for various solution statistics like mean and variance is
obtained which can be used for design process. Suitable design methods which involve changing of device parameters
are suggested to aid noise reduction and hence design the amplifier with reduced noise characteristics.
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